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B HacTosmenw padoTe pa3BUBarOTCA JIOrMKO- 
BeCPOATHOCTHBIN MW JIOTHKO-BO3MOXKHOCTHBIM CI0- 
COObI OI[EHHBaHHA Oe30TaCHOCTH H OOOCHOBAaHHA 
3JJOPpOBbA B CHCTeMe Bua «cpeya — OObeKT — 
3allutTa — cyObeKT». B mpeazmouoxxeHHu O MO- 
HOTOHHOCTH W3MeHeHHA 93ddeKTOB evCcTBHA 
pa3JIM4HbIX BPeHbIX (aKTOPOB pa3paboTaHa HO- 
Bad (akTOpHad WHTepBasibHad KOHIMCHIMA, 103- 
BOJAFOWIaA YHADUUMpOBaHO OMMCbIBaTbh apa- 
MeTpHYeCcKHe Tpe/IOCbIIKH IpOMCIIecTBHM Cc 
TIOMOINIbIO HHTePBaJIOB BOCIIPHUMUMBOCTH Ha Oc- 
HOBe IIPHMCHEHHA CJIMHOM MOJIeJIM «BO3}eHCTBHe 
— ocyadOmeHve — BOCIIPHUM4MBOCTH»>. Ilomy- 
YeCHHbIe AaBTOPaMH 3aBMCHMOCTH JIA BepOAT- 
HOCTHOM MH BO3MO2%KHOCTHOM Mep BepIIMHHBbIX UC- 
XOJIOB TO3BOJIAIOT paCC4HTHIBaATbh TWOKa3aTeJIH 
Oe30IaCHOCTH HW OOOCHOBBIBaTb CHOCOOBI U cpes- 
CTBa 3all[MTBI. 
Kuno4espbie c10Ba. be3omacHoOcTb CHCTeMBI, 
IIPOMCIIeCTBHe, BeEPOATHOCTb, BO3MO?%KHOCTHAA 
Mepa, OxpaHa 30pOBbA, <«BO3JIeHCTBHe — 
BOCIIPHHM4MBOCTb»> 

Bpejenne. M3BecTHOo, 4TO K MepBOCTeIIeCHHbIM 
3aqauaM B OOacTH TexXHOCHepHOH U IKOIOrM4e- 
CKOM Oe30NacHOCTH WM PHCKa OTHOCATCA Takue 
3amaun Kak: 1) cTraHyapTu3aitua u (uM) yAudu- 
Kalua WOKa3aTeen Oe30NacHOcCTH (pucKa) HU Me- 
TOJIOB UX pacuetTa, KaK JIA THIMOBBIX (CTaTHCTH- 
yecKW ONMCaHHbIX) [1, 2], Tak uM Id HETHIMOBBIX 
(<YHUKaJIbHbIX>> WIM CTATHCTHYeCKH TIOXO Oby- 
CHOBJICHHBIX) TEXHH4eECKHX UM (WIM) IKOMOIM4e- 
CKHXx cuctem [3—5]; 2) MoctpoeHue U HakorsIeHue 


THHOBBIX JIOPHAICCKHX HW WapaMeTpHdeCCKHX MOJTC- 
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The paper develops logical-and-probabilistic and 
logical-and-possibility methods of safety evalua- 
tion and health substantiation in the system of 
"environment — object — protection — subject". A 
new factorial interval concept allowing us to de- 
scribe parametric prerequisites of incidents with 
the help of susceptibility intervals on the basis of 
application of the unified model “influence — 
weakening — receptivity" is developed assuming 
monotonicity of parameters change of various 
factors. The obtained dependences for probabilis- 
tic and possible measures of vertex outcomes al- 
low us to evaluate safety indicators and justify the 


methods and means of protection. 


Keyword. System safety, probability, accident, 
health, «influence-susceptibility». 


Introduction. It is known that the primary 
tasks in the field of technosphere and environ- 
mental safety and risk include such tasks as: 1) 
standardization and (or) unification of safety 
(risk) indicators and methods of their calculation, 
both for typical (statistically described) [1, 2] and 
for non-typical ("unique" or statistically poorly 
conditioned) technical and (or) environmental 
systems [3-5]; 2) construction and accumulation 


of typical logical and parametric models of vertex 
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eH BepIMIMHHbIX HCXOJOB (IIpOncIecTBHM UII 
apapni) [6, 7]; 3) pa3padoTKa u anpobalMa pa- 
BHI Bepudukauuun [8-10] Ha ocHoBe cpaBHH- 
TEJIBHOLO aHasIN3a Pe3yJIbTaTOB pacueTa BepoOAT- 
HOCTHbIX HM BO3MO%KHOCTHBIX TOKa3aTeIen Oe3- 
OMaCHOCTH U puckKa. 

JjaHHasa padota NOcBALIeHa HW3J1I0%KeHHIO C HH- 
*KCHEPHBIX MOSHIIMM WU MOCTPOeHUFO Ha MpuMepe 
TlapaMeTpHY4eCcKHX YCIOBUM BO3HUKHOBeCHHA TIpo- 
MCIICCTBUH MW UX MpeszMOcBIIOK. II]pu 3TOM Lesbro 
paOoTbI ABJIAeTCA pacliiMpeHue OOsIacTH TpuMe- 
HeHHA UW UCIONb30BAHHE OUCBUAHbIX IIpeuMy- 
INe€CTB TapaMeTpHy4ecKOH MOEN «BO3TeHCTBHe 
— ocuadjeHuve — BOCIIPHHM4MBOCTb», 4TO 1103- 
BOJMIO pa3spa0oTaTbh HHTePpBasIbHY!O KOHILCHIIMIO 
OI[CHKH Oe30TaCHOCTH U 3JJOpOBbA. 


IloctaHoska 3aqa4uHM. B pamMKax CHCTeMBI 
«CyObeKT — OObeEKT — 3allluTa — cpeya» [5, 10] 
IiIpeycTaBuM OOOOMIeCHHY!O aHasIMTH4eCKy!O MO- 
Web Ipolecca Bua «BO3qeHCTBHe — paciIpo- 
cTpaHeHue — nmpoxoxyeHue — ocadseHue — 
3alllMTa» CEYIOULUM 00pa30M: 
I(p, t) = Ip -exp(—p/po)-exp(—x/19)-exp(-t/t 0), (1) 

roe J) — amnummtTyyqa mporecca; (p/po) — 
TeOMeTpHYecKHH akTOp, KOTOPbIN C y4eTOM 
OO03HaYeHHA P,=P/pp Yale BCero MIpeCTaBIAIOT 
OJHUM H3 BbIpaxkeHHn: (p/po)=1/pn’. l/p, wm 
exp(—-Pn); O(x/lo) — dyHKuMA OCHaONeHHA po- 
wecca B 3aluTe (perpaye) ToMMHOK |p; ©,(f) 
— BpeMeHHad (opMa Tmporecca Kak peakUMaA Ha 
BO3JICEHCTBHe B BUJe CTYMCHbKU WIM B BU JesIb- 
Ta-MMIIyJIbCa. 

B tpocteiilieM W31I0%KeHHU C y4eTOM ocia6b- 
NCHA TapaMeTp BO3JeHCTBUA HAaXOJAT M0 3aBH- 
CUMOCTH 

s=f'v, (2) 

rye v — lapamMetTp BO3eNCTBHA U3BHe; f — 
(DYHKIMA OcNaOIeHHA, 3aqaHHat Ha WHTepBasie 
[O, 1]. 

IIpu 9STOM OHOMapaMeTpHyecKy!O MOJIeJIb 
«BO3CHCTBHe — BOCIIPHHMYMBOCTb» IpeyicTaB- 
NAKOT B BUe «Ss — 1)». 

3aMeTUM, 4TO 3aBMCHMOCTH (1) u (2) IpuMe- 
HAIOTCA JIA ONMCAHHA WapaMeTPOB BO3eMCTBHA, 
OcHaOJIGHHA UW BOCIIPHUMYMBOCTH OOJIbINIMHCTBa 
BUOB (aKTOPOB, HallpHMep, TaKUX KaK MeXaHu- 
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outcomes (incidents or accidents) [6, 7]; 3) devel- 
opment and testing of verification rules [8-10] on 
the basis of comparative analysis of results of cal- 
culation of probabilistic and possibility safety and 
risk indicators. 

This work is devoted to the statement from 
engineering positions and construction on the ex- 
ample of parametric occurrence conditions of in- 
cidents and their prerequisites. At the same time, 
the aim of the work is to expand the scope of ap- 
plication and use of obvious advantages of the 
parametric model "influence — weakening — 
susceptibility", which made it possible to develop 
the interval concept of safety and health evalua- 
tion. 

Problem statement. Within the system "sub- 
ject — object — protection — environment" [5, 
10] we present a generalized analytical model of 
the process of the type "influence - distribution - 
passage — weakening - protection" as follows: 
I(p, t) = Ip -exp(—p/po)-exp(—x/Ip)-exp(-t/t 9), (1) 

where Jy is the amplitude of the process; 
(p(p/po) 1s a geometric factor which, taking into 
account the notation p,=p/po is often represented 
as one of the expressions: (P/po)=1/Pn’. 1/p, Or 
exp(—Pn); Oi(x/Ip) 1s a function of the weakening of 
the process of protection (barrier) with a thick- 
ness of /p; @,(t) is the temporal form of the pro- 
cess as a reaction to the influence in the form of a 
step or in the form of delta pulse. 

In the simplest manner taking into account the 
weakening, the influence parameter is found ac- 
cording to the dependency 

s=fv, (2) 

where v is the external influence parameter; f 
is the weakening function defined on the interval 
[O, 1]. 

Here one-parameter model "influence — sus- 
ceptibility" is in the form of "s — r". 

We should note that dependencies (1) and (2) 
are used to describe the parameters of influence, 
weakening, and susceptibility of most kinds of 
factors, such as mechanical, thermal, chemical, 
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YeCKHHU, TeMIOBOM, XAMM4CCKHH UW Pu3M4eCKHH. 

Pellenne 3aaun: CilyuanHble MapaMerppsl. 
Jia OlMCaHWA OCHOBHBIX BepINMHHbIX HCXOJIOB 
(COCTOAHHe 3J,0POBbA, COCTOAHMe OoOe3HU, Je- 
TaJIbHbIM UCXO) pa3paboTaHa JIMHeiKa lapamert- 
pH4ecKHX MOJesIeH, MOCTPOCHHBIX Ha OCHOBE Ia- 
PaMeTPOB BO3JIEMCTBUA, OCIAaOJIGHHA MW BOCIIPH- 
umMunupoctu (puc. |). U3 pucyHka BUAHO, YTO C 
yueTOM (YHKIMM OclIaOseHHA WapaMeTpbl BO3- 
JICHCTBUA MOryT JOCTUTaTb UW IpeBbIlaTh MWapa- 
MeTPbI BOCIIPHHMYMBOCTH UH, CJICOBATeJIbHO, 
ONMChIBaTh TpaHuIbl UW Bapvalluu OCHOBHBIX 
BepIIMHHbIX MCXOJIOB (IIPOMCIIeCTBHM) B CHCTe- 
Me. 





and physical. 

Solution to the problem: random parame- 
ters. To describe the main vertex outcomes (state 
of health, state of disease, death) we have devel- 
oped a range of parametric models that are based 
on the parameters of influence, weakening and 
susceptibility (Fig. 1). It can be seen from the fig- 
ure that, taking into account the weakening func- 
tion, the influence parameters can reach and ex- 
ceed the susceptibility parameters and, therefore, 
describe the boundaries and variations of the 


main vertex outcomes (incidents) in the system. 


(p(s) 
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Puc. |. Jjemonctpatina MpuMeHeHHA BEPOATHOCTHOM MapaMeTpuuecKOuN MOEN 


«BO3J[ICEHCTBHe — BOCITDPHUMUMBOCTb>> B TWalla30He BOSHUKHOBCHUWA BCPUIMHHbIX HCXOJIOB OT TDaBMBI 


(3a00u1eBaHHA) JO KLPUTM4ECKOLO WIM JeTasIbHOrO UCxosa, 





OINMCbIBAaeMBIe C/leBa HalpaBo BapWaHTaMu: a), 6), B), I) 


Fig. 1. Demonstration of usefulness of the probabilistic parametric model "influence-susceptibility" 


in the range of vertex outcomes from trauma (disease) to critical or fatal outcome, 
described from left to right by options: a), 6), 6), 2) 


CHayalia MpeMO0%xXUM, YTO MapaMeTpbI BO3- 
eHcTBuA, oclaOneHua UW BOCHpPHUM4NBOCTH 
IIpeCTaBIAKOT COOOH Cy4aMHble BeIM4HHBI (Cc. 
B.) C HOPMA@JIbHbIM 3aKOHOM paciipeyeseHua 
(H. 3. p.). Ha ocHoBe NapaMeTpHyeckou MOEN U 
YCHOBHA IIPeBbILMeCHHA BO3eCMCTBUA s Haj, BOC- 
IIDPHUMUMBOCTHIO F OIpeeIMM BeEPOATHOCTH pea- 
NM3allMH BeplIMHHOrO ucxoya x=1 B Tponciiie- 
cTBuu Pro(x=1)=Pro(s>r) Tak, Kak onucaHo B [5, 
9]. 

BBeleM HOBy!O TlepeMeHHytO Z=S—r, KO- 
Topad TakxKe paciipeyeseHa 10 HOPMAaJIBHOMY 3a- 
KOHY C MaTeMaTH4eCKHM OX*KUTAHWeM M=Ms— My, 


MW WpeoOpa3yem 3ayavy K BUY: 


Pro(s—r>0)= i. e(r)| fl. p(s)ds|dr. (3) 

PaccMoTpuM Ooslee MOAPOOHO ciy4an, Ipous- 
JOCTpHpoOBaHHble Ha puic. |, a u puc. |, 6, yau- 
ThIBAad YCIIOBUA: 


Ns<My-—MN,=Ms5—M,-<O. (4) 





Ful a 


First, let us suppose that the parameters of in- 
fluence, weakening and susceptibility are random 
variables (RV) with the normal law of distribu- 
tion (NL. D.). On the basis of the parametric 
model and the condition of exceeding influence s 
over the susceptibility r, we determine the proba- 
bility of the vertex outcome x=1 in incident 
Pro(x=1)=Pro(s>r) as described in [5, 9]. 

We introduce a new variable z=s—r, which 1s 
also distributed by the normal law with mathe- 
matical expectation m=m,— m, and convert the 
problem to the form: 


Pro(s—r>0)= i o(r)| fl. o(s)ds|dr. (3) 


Let us consider in more detail the cases illus- 
trated in Fig. 1, a and Fig. 1, 6, considering the 
conditions: 

Ns<My—MN,=Ms5—M,-<0. (4) 





Bpeyem yHKIMIO paciipeyesIeHua BepoATHO- 


CTH (Zz) MW Ha OCHOBAHHU TabyMpOBaHHOrO UH- 
Terpasia BeposTHOocTenH M(x) [11] Berpaxenne (3) 
IIpeJCTaBUM B BU Je: 
Pi1(u)=Pro(z>0)=0.5—O((m,—m,)/ 
(2, +0%,)”)=0.5-B(u), (5) 
rye Wapametp 
u=(m,—Ms)(O7,-+0%.). (6) 

IIpescTaBlIAeT COOOM BEPOATHOCTHBIM «IIpuBe- 
JICHHbIM WapaMeTpuyeckuh 3allac Oe30nacHOcTH»» 
(3b) [9, 10], Beraucuaempm kak OTHOMIeHHe 
pa3HOCTH MaTeMaTHYeCKHX OKUTAHHH BO3eH- 
CTBHA WM BOCIPWMHM4MBOCTH K HX CYMMapHOMy 
CpeHeKBayIpaTH4eCKOMY OTKJIOHCHHW (C. K. 0.). 

HevetTkoe tpescraBsienHe mapametpos. B 
NMHCHHOM aliIpOKCHMalIMH TlapaMeTpoOB BO3J[eH- 
CTBHA S WM BOCIIPHHMUMBOCTH fF KaK HCYCTKUX Be- 
NM4HH (B HadMeHee HHMOPMaTHBHOM BapHaHTe 
UX TOJYYeHHA) BOSMOXKHOCTHAA Mepa IIpeBbIllle- 
Hua Pos(x=1)=Pos(s>r) ollpeyqesseTca 3 3aBH- 
cumocrTy [5]: 

tL;=Pos(s>r)=1—zb, (7) 
rye z> — «lIpvBeJeHHbIM 3allacy Oe30MacHo- 
CTH: 
zb=( r— s)/(Ar+As), (8) 

B KOTOpoM rH s — «Apa» HeyeTKUX Mapa- 
MCTPOB BOCIIPHHUMUUBOCTH FU BO3XCHCTBHA S CO- 
OTBeETCTBeHHO; Ar u As — «MHTepBaJIbI pasMbITO- 
CTH» WIM aOCONKOTHbIC MOMpeliHOCTH MpeyicTaB- 
Ne@HUA, KOTOPble Ip rumoTese O H. 3. Pp. C. B. 
papHbr 3 curma (c. K 0.) C ypoBHeM jlOoBepua 
0.997 [5, 8]. 


[u(s) (1) 
u(s/TLIB) 





s=0, ] 


0,5 T=] 


We introduce the probability distribution func- 
tion @,(z) and, based on the tabulated probability 


integral D(x) [11], we present the expression (3) 


as: 
Pi(u)=Pro(z>0)=0.5—O((m,—m, )/ 
(o?,+0?,)”°)=0.5-B(u), (5) 
where the parameter 
u=(m,—ms)l(07+0%.)” (6) 


is a probabilistic "reduced parametric safety 
margin" [9, 10] calculated as the ratio of the dif- 
ference of mathematical expectations of influence 
and susceptibility to their total root mean square 
deviation (RMSD). 

Fuzzy representation of parameters. In lin- 
ear approximation of the parameters of influence 
s and susceptibility r as fuzzy values (in the least 
informative way of their determination), the pos- 
sible measure of excess Pos(x=1)=Pos(s>r) 1s 


determined from the dependence [5]: 


1tL;=Pos(s>r)=1—zb, (7) 
where zb is the "reduced margin": 

zb=( r— s)(Ar+As), (8) 
in which rand s — "nucleus" of fuzzy pa- 


rameters of the susceptibility of r and the influ- 
ence s, respectively; Ar and As — "fuzzy inter- 
vals" or absolute errors of representation, which, 
for the hypothesis of NL.D.R.V. are equal to 3 
sigma (RMSD) with the degree of belief 0.997 
[5,8]. 


u(r/TLIB) 


S/TUIB, r/T1IB 


Puc. 2. Heuerkaa napaMetTpwyeckad MOJeJIb BEPIIMHHbIX HCXOJOB Ha OCHOBE JIMHEMHOM anlmpoKCHMalluu PyHK- 


IMM IpHHayexHOCTH BO3eHCTBHA L(s) H BOCIPHHM4HBOCTH L(7) 


Fig. 2. Fuzzy parametric model of vertex outcomes on the basis of linear approximation of membership 


functions of influence \W(s) and susceptibility u(r) 


Ha ocHOBaHHH JIMHeMKH TapaMeTpwueckux 
MoyeneH (puc. 1), omucaHua TapaMeTpoB Kak He- 
YeTKUX BeJIMYHH, 3ABUCMMOCTeH (7), (8), a TakKxKe 
puc. 2 fa pa3spadoTKH MHTepBasIbHOW KOHIECH- 
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Tu — 


Based on the parametric models range (Fig. 
1), descriptions of parameters as fuzzy variables, 


dependencies (7), (8), and Fig. 2 for the develop- 





IMM OlCHHBaHHA OBO UCIOUIb30BaHO «Tpex- 


YPOBHeBOe» TpewcTaBeHue MapamMeTpuyeckon 
BapHallMu 3J}0pOBbA, Ooe3HH UM JIeTasIbHOrO UC- 
xoyja (puc. 3). OrmMeTuM, 4TO 9TO «TPEXypOBHe- 
Boe» peycTaBieHwe — MOJeuIb WIM «COOpKa» 
TlapaMeTpOB BOCIIPHHMYUBOCTH, OMMCHIBAaFOIIad C 
y4eTOM MOHOTOHHOCTH 90ddekT HapacTaHna 


omacHoOcTH pH yBeJIM4YeHHH BO3,eHCTBUA 
(Harpy3KH). 

K tpumMepam Takux «cOOpoK» MapaMeTpoB 
BOCIHPHMMUMBOCTH OTHOCATCA: 

1) «xapakTepHble» 3HadeHHA 9JIEKTPU4eCKOrO 
TOKA, 10 KOTOPBIM OlIpeeIAHIOT HUCXO], MoparxKe- 
HMA 4eJIOBEKa; 

2) WMHeMKa MOKa3aTeyeH WopaxeHuA padoT- 
HUKa OT JeHCTBUA XUMMYeCCKUX (PaKTOPOB TakKOro 
Buga Kak «IITJ[K — ObYB — kputuyeckni Mo- 
por BO3eUCTBHA»); 

3) MMHeMKa WOKa3aTeeHd TWopaxkeHua padorT- 
HMKa OT JIEHCTBHA 3JICKTPOMATHUTHBIX WIM MOHH- 
3MpYIOlIMx H3JIy4eHHuH; 

4) lopor CJIbIMIMMOCTH, OONeBOM HU KpuTHYe- 
CKMH MOporu akyCTHM4eCKHX HU BHOpalMOHHBIX 


BO3CHCTBHH. 


ment of interval concept of estimation the "three- 
level" representation of parametrical variation of 
health, illness and fatal outcome was used (Fig. 
3). Let us note that this "three — level" represen- 
tation is a model or "collection" of the suscepti- 
bility parameters, describing, taking into account 
the monotonicity, the danger increase effect with 
increasing influence (load). 

The examples of such "collections" of suscep- 
tibility parameters include: 

1) "typical" values of the electric current, 
which determine the outcome of human injury; 

2) the range of indicators of an employee's in- 
jury from the action of chemical factors of such 
type as “MPC- safe reference levels of impact -a 
critical threshold of impact”; 

3) the range of indicators of an employee's 1n- 
jury from action of electromagnetic or ionizing 
radiation; 

4) threshold of audibility, pain and critical 


thresholds of acoustic and vibration effects. 








Puc.3. TpéxypoBHeBoe pecTaBsIeHve BOCIIPHUMYMBOCTH OObEKTa HU (UII) CyYObEKTA K BO3JCHCTBUEO ONaCHbIxX 
WIM BPeCHBIX (PAKTOPOB UM COOTBETCTBYIOIIHe THM YPOBHAM CTeIHeHH TA2KECTH BEPIIMHHbIX UCXOJIOB 
(OmacHocTen) 


Fig.3. Three-level representation of the susceptibility of an object and (or) a subject to the effects of 
dangerous or harmful factors and corresponding to these levels of severity of vertex outcomes (hazards) 


OTMeTHM TaKKe, ATO BapWaHTbl BOSMOJKHOTO 
HapaCTaHvA UW YMCHbINCHHA TWapaMeTpoOB BO31eH- 
CTBHU TIpW HaJIMUMUN 3aldtWMTbl WO OTHOUICHHIO K 


JIMHeMKe WapaMeTpoOB BOCIIPHHUMUMBOCTH (puc. 1), 





ru or 


Let us also note that the options for the possi- 
ble increase and decrease in the parameters of 1n- 
fluence with protection in relation to the range of 
susceptibility parameters (Fig. 1) can be easily 





MOXHO JIeErKO y4eCTb Ha OCHOBaHHH 3aBHCHMO- 
cTeH (7), (8) H OMMCaTb C MOMOLIbIO puc. 2 u puc. 
>. 

YcrTaHoBJieHhe (paHH4HBlx YCOBHH 3aa4qn. 
IIpumMeHeHue 3aBucuMoctTer (7), (8) HOTPeOoBasIO 
yCTaHOBJICHHA HU YTOUHECHHA TpaHH4HbIX yCOBMN 
gayauv. PesyibTaTbl aHalM3a WU JJEMOHCTpalina 
TpaHWYHBIx YCIOBMM Id He4eTKON MapaMeTpuye- 
CKOM MOJIeJIM C BO3CMCTBHeM S HW BOCIIPHHMUMBO- 
CTbIO r IIpeCTaBJICHbI Ha puic. 4, 5. 





s=0,] 





considered on the basis of dependencies (7), (8) 


and described using Fig. 2 and Fig. 3. 


Kstablishing problem boundary conditions. 
The use of the dependencies (7), (8) required es- 
tablishing and clarifying the boundary conditions 
of the problem. The results of the analysis and 
demonstration of the boundary conditions for the 
fuzzy parametric model with the influence of s 
and susceptibility r are presented in Fig. 4, 5. 


U(r) 





r s.r 


Puc. 4. Jlemonctpatiua rpannyunoro ycrosua: eciu zb=1, To 7,;=0 


Fig. 4. Demonstration of the boundary condition: if zb=1, then 7;=0 














SI 


Puc. 5. Jlemonctpatna rpanwyHoro ycroBua: ecum zb=0, To T,=1 


Fig. 5. Demonstration of the boundary condition: if zb=0, then 1j;=1 


IIpumep pellennsa 3aqaun. Ha npeqnpuaTuu 
110 HpOW3BOJCTBY IIaCTMaCCOBbIX W3eMH Ha 
paOoTHHKa jJ[eHCTByIOT XMMuYecCKHe (akTOpBI: 
okKcHy yruepona (CO), dopmManbyernuya (CHO) u 
auetanbaeruy (C2H,O). [na oO0cHOBaHUA cCTe- 
eH OesomacHOcTH paooT, a TakoKe JIA pa3pa- 
OOTKH HM OOOCHOBAaHHA TIPHMeHAeCMON 3all[HTHI 
Oblia MOCTaBsIeHa 3ajjau4a pacuéTa BO3MO%KHOCT- 
HOM Mepbl peaM3allMu CJIeYIOWMX BeplIMHHBIX 
ucxoyoB: BU1 — otpapnenue; BU2 — ynyutse; 
BM3 — metanbusil ucxog (JI). 

B xoge aHasIM3a WU WOATOTOBKH UCXOJIHbIX 
a@HHBIX peslouaraocb, Y4TO 3aBHCHMOCTH, 


as pDps-jyournhna 
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Example of problem solving. The following 
chemical factors influence an employee at the en- 
terprise for the production of plastic products: 
carbon monoxide (CO), formaldehyde (CH20) 
and acetaldehyde (C2HzO). To justify the level of 
work safety, and to develop and justify protection 
the problem was set to calculate the possibilities 
of the following vertex outcomes: VOI — poi- 
soning; VO2 — asphyxiation; VO3 — lethal out- 
come (LO). 

During the analysis and preparation of the ini- 
tial data, it was assumed that the dependence de- 
scribing the change or weakening of the parame- 
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ONMChIBAaIOIad H3MeHeHve WIM OcaOseHuve Ma- 
PaMeTpOB TPHMeHHTeIbHO K BbIOPaHHbIM Bep- 
IUMHHbIM UCcxoaM (2), ABIIAeTCA JIMHCMHOM, a 
llapaMeTpHyeckHe MOJIeJIM BepIIMHHbIX HCXOJIOB 
JIA BbIOPAaHHbIX HeraTHBHbIX (PaKTOPOB Ha IIpH- 
Mepe JICHCTBUA OKCHJa yrieposa WpesCTaBJIeHbI 
Ha puc. 6. 

Kak culeylyeT 43 JIeBou 4YacTH puc. 6 (BeplInH- 
HbIM Ucxoy 1), BO3HevicTBHe TO (MW Ha ypOBHe) 
3HadeHuA apa, paBHoro 10.5 mr/mM~ ZocToBepHo, 
IPH 9TOM BEPOATHOCTb MPOABJICHHA ITON BeIIM- 
4HHBI paBHa esuHuie. Ha ypopHe BepxHero 3Ha- 
yeHuaA (Ha ypOBHe O Cpe3a HJIM C Y4eTOM BBIIOJI- 
HeHHA WpaBusia «TpéX CHrM»>) BEPOATHOCTS IIpo- 
ABJICHUA BO3JICEHCTBHA MeHbIe WIM paBHa 0.003 
[3, 5]. [pu stom oTHOCHTeIbHad MOrpelltHOcTh 
IIpeICTaBJICHHA TapaMeTpOB UM BOCIIPHHMYMBOCTH 
WM BO3eHCTBUA paBHa 0=50 %. 

AJIrOpHTM HOATOTOBKH HW TWOuyIeHuA UCXO]- 
HbIX JIAHHBIX JIA PacueTa BO3MO2%KHOCTHBIX Mep 
BO3HHKHOBeCHHA Tpex BepINMHHbIX MCXOJIOB Ha 
lipHMepe JleHCTBHUA OKCHa yruiepoya Ha padoT- 
HUKa COepKal HWPKEMePpeC4MCJICHHbIe ITALIBI. 

1) BsrOop 3HayeHui WapamMetTpa BOCIIPHUM4H- 
BOCTH, a TakKxKe MOrpeliHocTeH ero mpeycTaBse- 
HUA JIA CICYIOIMX BEPIIMHHBIX UCXOJIOB. 

Bepmumuysl ucxoy (BUI) — orpapienne. 
BocnpWuM4uMBOCTbh K OTpaBJICHHIO BbIpakaerca 
yepe3 3HaueHHe ILJIK: n=20 mr/m’; aOcomotTHas 
TOrpeluwHOCTb pecTaBIeHuaA MapamMeTpa Boc- 
ipuumMunsoctu: Aj=d:n=0.5-20=10 Mr/M°. 

HywxKHad rpaHnila BOCIPHUM4MBOCTH OlIpeye- 
Iasacb 43 3aBucuMocTH r—Ajr, MI/M’, BepxHat 
rpaHula — 13 3aBucuMocTH 51+Aj5, MT/M. 

Bepmumuysi ucxoy (BU2) — yayutse. Boc- 
IIPHMM4MBOCTH K YJLYIUbIO BbIPAKaeTCA Yepe3 Je- 
CATUKpaTHoe 3HayeHue IJIK: n=200 mr/m’; a6- 
COJHOTHaA TOMpelIHOCTh TWpeycTaBseHud Mapa- 
MeTpa BOCHPHUM4YMBOCTH K YAYUIbIO: 
A=5-n=0.5-200=100 mr/m. 

Bepmmuysii ucxoy (BU3) — netTanbHpm uc- 
xo. BoctipHuMuuBocTb K JIeTasIbHOMy HCXOJLy 
BbIpaxkaeTCA 4epe3 CTOKpaTHOoe 3HayeHHe ITJIK: 
n,=2000; aOcouHOTHad NOrpelwHOCTb WpeycTaBe- 
HUA WapaMetpa BOCIIPHUMYUMBOCTH K JIeTaJIbBHOMY 
ucxogy: Aj=5-n=0.5:2000=1000 mr/m”. 
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ters in relation to the selected vertex outcomes (2) 
is linear, and the parametric models of vertex out- 
comes for the selected negative factors on the ex- 
ample of carbon monoxide are presented in Fig. 
6. 

As follows from the left part of Fig. 6 (vertex 
outcome 1), the influence up to (and at the level 
of) core value equal to 10.5 mg/m? is reliable, 
with the probability of occurrence of this value is 
equal to one. At the level of the upper value (at 
the level of a cut or taking into account the im- 
plementation of "three sigma" rule), the probabil- 
ity of exposure is less than or equal to 0.003 [3, 
5]. The relative error of parameters of susceptibil- 
ity and influence is 6=50%. 

The algorithm for preparation and reception of 
initial data for calculation of possible measures of 
emergence of three vertex outcomes on the ex- 
ample of carbon monoxide action on a worker 
contains the following stages 

1) Selection of the values of the susceptibility 
parameter, as well as its errors representation for 
the following vertex outcomes. 

The vertex outcome (VO1) — poisoning. Sus- 
ceptibility to poisoning is expressed through the 
value of MPC: n;=20 mg/m”; absolute error of 
representation of the susceptibility parameter: 
Aj=5-n=0.5:20=10 mg/m”. 

The lower border of susceptibility was deter- 
mined from the dependence of r;—Aja,, mg/m”, the 
upper border — from the dependence of s;+Ajz, 
mg/m”. 

The vertex outcome (VO2) — asphyxiation. 
Susceptibility to asphyxiation is expressed 
through a tenfold value of MPC: n=200 mg/m”; 
absolute error of representation of the susceptibil- 
ity parameter to 
A=5-n=0.5:200=100 mg/m”. 

Vertex outcome (VQ3) is a lethal outcome. 


asphyxiation: 


Susceptibility to a lethal outcome is expressed in 
terms of a hundred-fold value of MPC: n; =2000; 
absolute error of representation of the susceptibil- 
ity parameter to lethal 
A=5-n=0.5:2000=1000 mg/m’. 


outcome: 





2) U3smepenue 3Ha4eHui MapamMetTpa Bo3]ei- 
CTBHA St MNyay=21 mr/M> u abcomorHolt IOrpell- 
HOCTH As ero 
As=8-n=0.5-21=10.5 mr/M’. 

B pe3ylbTaTe UcclIeqOBaHHH YyCTaHOBIJIeCHO, 


mIpeCTaBsIeHusA: 


4TO IIPHBeJCHHbIN MapaMeTpHyeckuu 3atiac 6e3- 
OMacHOCTH paBeH Zb,;=0.46, a BO3MO%KHOCTHAaA 
Mepa OTpaBJIeHHA padoTHHkKa paBHa |—zb,;=0.54. 

Ha puc. 6 w300paxKeHbI XO], HU pe3yIbTaTHI 
pacueTa BO3MO2XKHOCTHOM Mepbl Tpéx BepIIMHHbIX 
UCXOJIOB. 


Isr 





2) Measurement of the values of the parameter 


So Vines S21 mg/m” and the absolute error As of its 
representation: As=0:n;=0.5:21=10.5 mg / m°. 

As a result of the researches it 1s established 
that the given parametric safety margin is equal to 
Zzbgi =0.46, and a possible measure of a worker 
poisoning is equal to 1—zb,; =0.54. 

Fig. 6 shows the course and the results of the 
calculation of the probability measure of three 
vertex outcomes. 


rs 


2000 M2/M’ 
T3 


Puc. 6. JlemoHcTpallna peaM3all[uu Tpex BepIIIMHHbIX UCXOJIOB C paOOTHHKOM Ha IipuMepe JeicTBUA 


OKcHJla yruilepoa 


Fig. 6. Demonstration of the implementation of three vertex outcomes for an employee on the example of 


carbon monoxide 


OTMeTHUM HeKOTOpble HIOaHCbl YCTaHOBJICHHA 
CTaTHCTH4eCKONM YACTOTbI KOHKPeTHOrO BepIIHH- 
HOrO Ucxoja — OTpaBJIeHHA paOOTHHKa 1exa. 
3HaueHHe CTATHCTHUeECKON YaCTOThI p= 0,3...0,7 
ObLIO MOUyYeHO yTeM oOnmpoca padoTHHKOB 
CHyKO OxpaHbl Tpyqa WU MeJIMUMHCKHX IYHKTOB. 
BpinouHeHve ITOFO 3Talla IKCHepTH3bI WOTpedo- 
BaslO yueTa, CHCTeEMaTH3alIM UW HaKOIJICHHA CIry- 
yaeB HCKOMBIX BepINMHHbIX HCXOOB (HW UX 3Ha- 
4MMBIX pes OcbuIOK). Ha B3ria, ABTOPOB, ITOT 
9Tan TOMKeH OBITH OOA3ATECJIBHBIM TIA cielMa- 
NMCTOB 110 OXpaHe Tpya, 9KCIePTOB CTpaxoBa- 
HUA WM MHCIICKTOPOB JOPOXKHO-NMaTpyJIbHOM CILY2K- 
Obl. CpaBHUTeIbHbIM aHasIM3 ykKa3al1 Ha Wpwem- 
HIEMY!O OJIM30CTb MOJYYCHHbIX Pe3YIbTATOB pac- 
yeTa BO3MO2%KHOCTHbIX Mep K CTaTHCTH4YeCKHM 
JJaHHbIM TIO peasM3allWH UCXOJOB 3a00eBaHuA 
WIM TWoOpakeHua paOoTHHKoB. Takum oOpa3o0m, 
IIPCJIOXKCHHBIM AIFOPUTM MOJTOTOBKH HM pacueta 
KOJIM4CCTBCHHOM MepbI peasIM3all[MH BO3MO2KHBIX 
BapHaHTOB MpOUCIIeCTBUA MOXKeT ObITb UCIOJIb- 
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Let us note some of the nuances of statistical 
frequency setting of a specific outcome vertex of 
employees’ poisoning. The value of statistical 
frequency p = 0.3...0.7 was obtained through a 
survey of employees of occupational health ser- 
vices and clinics. The implementation of this 
stage of the examination required accounting, 
systematization and accumulation of cases of the 
desired outcomes (and their significant prerequi- 
sites). In the authors’ opinion, this stage should be 
obligatory for specialists in occupational safety, 
insurance experts and inspectors of road patrol 
service. The comparative analysis showed the ac- 
ceptable proximity of the obtained results of cal- 
culation of possible measures to statistical data on 
realization of outcomes of workers’ disease or 
injury. Thus, the offered algorithm of preparation 
and calculation of quantitative measure of realiza- 


tion of possible incidents can be used for the solu- 
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30BaH JIA pellleHuA 3ajjJa4d OLLCHKM WOKa3aTesev 
Oe30NacHOCTH HW PHCKa KOHKPeTHbIX CHCTeM. 


3akur4eHne. Pa3spadoTaHa HOBad (aKTOpHad 
WMHTepBallbHad KOHI[eMMMA, MO3BOAFOMIad YHU- 
(DHIIMpOBaHO OMMCaTb MapaMetTpHyeckne Mpeno- 
CbIIKH MPOHMCHIeCTBHM C MOMOIIbIO HHTeEPBaJIOB 
BOCIIPHUMYMBOCTH Ha OCHOBE IIpHMeHeHHA 
YIPOMeCHHOHM MOE «BO3eMCTBHe — ocsIablie- 
Hue — BOCHPHMMUMBOCTH>. IIpenqoxeH asro- 
PHIM TIOATOTOBKU HU pacueTa KOJIMUeCTBeEHHOM 
MEDPBbI peaIv3al[MH BO3MOXKHbIX BapHaHTOB IIpo- 
MCIIeCTBHA, MOJYYeHbI 3ABMCMMOCTH JIA Bepo- 
ATHOCTHOH HW BO3MO2%KHOCTHOM Mep BepIIMHHBbIX 
MCXOOB, a TaKXKe OLCHKM NOKa3aTesen Oe3orac- 
HOCTH JIA KOHKPeCTHBIX TIPOH3BOACTBCHHBIX 3a- 
mau. 
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tion of tasks of safety and risk indicators assess- 
ment of certain systems. 

Conclusion. A new factorial interval concept 
has been developed, which allows us to describe 
consistently parametric background of incidents 
with intervals of susceptibility on the basis of a 
simplified model "influence - — weakening - 
susceptibility". The algorithm is suggested for 
preparation and calculation of a quantitative 
measure of possible options of incidents, the de- 


pendences for probability and __ possibility 


measures of vertex outcomes as well as the as- 
sessment of safety performance indicators for 


specific production tasks are provided. 
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